The aim of this study was to analyse the incidents related to awareness during general anaesthesia in the first 4,000 cases reported to webAIRS-an anaesthetic incident reporting system established in Australia and New Zealand in 2009. Included incidents were those in which the reporter selected "neurological" as the main category and "awareness/dreaming/ nightmares" as a subcategory, those where the narrative report included the word "awareness" and those identified by the authors as possibly relevant to awareness. Sixty-one awareness-related incidents were analysed: 16 were classified as "awareness", 31 were classified as "no awareness but increased risk of awareness" and 14 were classified as "no awareness and no increased risk of awareness". Among 47 incidents in the former two categories, 42 (89%) were associated with low anaesthetic delivery and 24 (51%) were associated with signs of intraoperative wakefulness. Memory of intraoperative events caused significant ongoing distress for five of the 16 awareness patients. Patients continue to be put at risk of awareness by a range of well-described errors (such as syringe swaps) but also by some new errors related to recently introduced anaesthetic equipment, such as electronic anaesthesia workstations.
Introduction
Incident reporting systems provide an opportunity to learn from the experiences of others and to improve the safety and quality of patient care 1, 2 . Multinational systems are potentially more powerful, because the conclusions of analyses may be more generalisable and because multiple reports of rare incidents may be captured and analysed. The webAIRS incident reporting system was established in Australia and New Zealand in 2009 and since then has accumulated a series of 4,000 individual de-identified incidents, including a series of reports related to awareness during anaesthesia 3, 4 .
Awareness is defined as postoperative recall of events occurring during intended general anaesthesia 5 . It arises when anaesthetic delivery does not meet the patient's context-specific anaesthetic requirement for amnesia for intraoperative events. As such, awareness may be absent in some patients during very low delivery and present in some patients during apparently adequate delivery. Awareness is unusual, occurring in 0.1-0.2% of patients having general anaesthesia for surgery [6] [7] [8] . This incidence was established by large prospective cohort studies in which patients were interviewed multiple times after surgery using a standardised questionnaire 9 . Incident monitoring does not allow the calculation of incidence, but it does provide a window into the types of critical incidents that are associated with awareness. The aim of the current study was to analyse the incidents related to awareness during general anaesthesia in the first 4,000 cases reported to webAIRS.
Methods
The collection, analysis and reporting of these data complies with current ethics requirements for de-identified quality assurance data in Australia and New Zealand. Ethics approval was obtained for the use of de-identified data on a site-by-site basis. Reporters at each site must comply with local institutional requirements.
When a report is submitted to webAIRS the reporter specifies an incident main category and a related subcategory from drop-down boxes. The reporter also enters a narrative description of the incident, and information about the patient, the surgery and the anaesthetic drugs administered. The incidents included in this report were selected as follows: the database was searched using Structured Query Language for reports in which the reporter selected "neurological" as the main category and "awareness/ dreaming/nightmares" as a subcategory. In addition, the narrative description was searched for the word "awareness". Finally, reports identified as possibly relevant to awareness during review of narratives of reports related to medication errors were added. This process was undertaken by MC, HR and JH. The selected incidents were initially classified by MC and AM, and then by reviewed and finally classified by AM and KL, with discrepancies resolved by discussion. The incidents were classified using an adaptation of the classification used by Bergman et al 10 : 1. Awareness. 2. No awareness but increased risk of awareness.
No awareness and no increased risk of awareness.
Incidents classified as "awareness" or "no awareness but increased risk of awareness" were further subclassified on the basis of possible reasons for awareness or increased risk: 4. Anaesthetic delivery-low or adequate.
Signs of intraoperative wakefulness-reported or not
reported. The following definitions were used in this study: awareness was defined as explicit recall of events occurring during intended general anaesthesia, that is, from the administration of sedative premedication through to adequate reversal of neuromuscular blockade and anaesthesia 5 . The authors took patient reports of awareness at face value and did not make judgements, nor consider judgements by the reporters, about the probability of true awareness. Wakefulness was defined as movement, sweating, lacrimation, hypertension, tachycardia, high or climbing processed electroencephalographic (pEEG) index values, observed by the reporter 5 . Adequate delivery was defined as delivery considered by the authors to be consistent with population norms for similarly aged patients receiving similar drugs. In reports where anaesthetic maintenance agent and/or muscle relaxant use was not recorded, inferences were made by AM and KL based on the age of the patient, the type of surgery and the description of the incident. Apparently adequate anaesthesia was defined as adequate delivery with no signs of intraoperative wakefulness.
Results
Sixty-one incidents were included in this analysis ( Figure 1 ). Sixteen incidents were classified as "awareness" ( Table 1 ). Twelve of these incidents (75%) were associated with low anaesthetic delivery. Eight (50%) were associated with signs of intraoperative wakefulness. Anaesthesia was maintained with volatile anaesthetics in 12 cases (75%) and propofol in four cases (25%), muscle relaxants were administered in 15 cases (94%), and pEEG monitoring was used in four cases (25%). None of these reports arose from routine screening of postoperative patients-all were detected by spontaneous reports from patients or postoperative interviews after intraoperative critical incidents. Five of these 16 patients reported ongoing distress after the incident.
Thirty-one incidents were classified as "no awareness but increased risk of awareness" ( Table 2 , on next page). Thirty of these incidents (97%) were associated with low anaesthetic Figure 1 : Study flowchart. Awareness was defined as explicit recall of events occurring during intended general anaesthesia. Wakefulness was defined as movement, sweating, lacrimation, hypertension, tachycardia, high or climbing processed electroencephalographic index values or symptoms described by awake patients. Adequate delivery was defined as delivery consistent with population norms for similarly aged patients receiving similar drugs. Table 2 No awareness but increased risk of awareness ASA, American Society of Anesthesiologists physical status classification; NR, not recorded; HR, heart rate; BP, blood pressure; BIS, bispectral index; LMA, laryngeal mask airway; IV, intravenous; MAC, minimum alveolar concentration; pEEG, processed electroencephalographic monitor. * inferred from incident report. Awareness was defined as explicit recall of events occurring during intended general anaesthesia. Wakefulness was defined as movement, sweating, lacrimation, hypertension, tachycardia, high or climbing processed electroencephalographic index values observed by the reporter. Adequate delivery was defined as delivery consistent with population norms for similarly aged patients receiving similar drugs.
delivery. Sixteen (52%) were associated with signs of intraoperative wakefulness. Anaesthesia was maintained with volatile anaesthetics in 24 cases (77%) and propofol in seven cases (23%), muscle relaxants were administered in 25 cases (81%) and pEEG monitoring was used in eight cases (27%). Fourteen incidents were classified as "no awareness and no increased risk of awareness" ( Table 3 ). None of these incidents was associated with low anaesthetic delivery or signs of intraoperative wakefulness. Anaesthesia was maintained with volatile anaesthetics in 11 cases (79%), propofol in two cases (14%) and spinal anaesthesia in one case (7%); muscle relaxants were administered in 12 cases (86%) and pEEG monitoring was used in two cases (14%).
The types of incidents resulting in an awareness-related report are summarised in Table 4 . Electronic anaesthesia workstations were associated with a number of incidents. These included a case where the anaesthetist thought that the displayed minimum alveolar concentration (MAC) was unadjusted when in fact it was the age-adjusted MAC for the previous patient, one case where volatile administration stopped because of failure confirm a new target concentration on the workstation, and another case where the volatile agent ran out but the low MAC alarm failed to sound due to an old version of the software. Similarly, a patient was put at risk of awareness when an anaesthetist failed to note that the target-controlled infusion device reset to a target of zero when the alarms settings were changed.
Finally, an anaesthetist failed to turn on the vaporiser following intubation in the context of induction and apnoeic oxygenation using a high-flow oxygen device.
Discussion
The first 4,000 incidents reported to webAIRS included 16 incidents that were classified as "awareness" and 31 incidents ASA, American Society of Anesthesiologists physical status classification; MRI, magnetic resonance imaging; IV, intravenous. Awareness was defined as explicit recall of events occurring during intended general anaesthesia. Wakefulness was defined as movement, sweating, lacrimation, hypertension, tachycardia, high or climbing processed electroencephalographic index values observed by the reporter. Adequate delivery was defined as delivery consistent with population norms for similarly aged patients receiving similar drugs. Apparently adequate anaesthesia was defined as adequate delivery with no signs of intraoperative wakefulness. that were classified as "no awareness but increased risk of awareness". Forty-two of these 47 incidents (89%) were associated with low anaesthetic delivery at some time during the anaesthetic and 24 (51%) were associated with signs of intraoperative wakefulness, including movement, signs of adrenergic stimulation and high or climbing pEEG index values. Memory of intraoperative events caused significant ongoing distress for some patients.
The strength of this study is that it describes a significant number of awareness-related incidents collected in the last ten years in the Australian and New Zealand context. These reports were voluntary, de-identified and confidential, and included a narrative report as well as patient, surgical and anaesthetic data. Another strength of this study is that it includes near miss events, which shed further light on factors that may increase the risk of awareness.
One limitation of an incident reporting system in the study of awareness is that it cannot provide an estimate of the incidence. Patients often do not report awareness to their anaesthetists postoperatively, because they do not understand what has happened to them, do not know how to report it or wish to avoid talking about it (as part of a posttraumatic stress disorder) 11, 12 . Furthermore, anaesthetists do not report all suspected awareness incidents to webAIRS or any other reporting system. The only way to reliably estimate the incidence of awareness is with a structured questionnaire administered several times postoperatively 13 .
A further limitation of incident reporting is that it does not reliably describe the proportions of incidents associated with different causes. For example, anaesthetists may be more inclined to report equipment issues or intraoperative patient crises associated with awareness (such as difficult intubation and anaphylaxis) to an incident monitoring system, and less inclined to report errors of judgement or ambiguous situations such as awareness occurring in intensive care patients who have surgery. Finally, as webAIRS is a voluntary and de-identified reporting system, it is not possible to obtain further information from reporters that might help to clarify or enrich a report.
Incident monitoring systems have been used to explore awareness under anaesthesia in Australia and New Zealand twice before. In 1993 Osborne et al reported on 16 awareness cases in the first 2,000 incidents in the Australian Incident Monitoring Study (AIMS). Seven cases (44%) were associated with adequate anaesthesia, three (19%) with inadequate anaesthesia and six (37%) with a syringe swap. In 2002 Bergman et al 10 reported on 81 cases of awareness in the first 8,372 AIMS reports. Thirteen cases (16%) were associated with adequate anaesthesia, 36 (44%) with inadequate anaesthesia and 32 (40%) with a syringe swap. Similarly, in the United Kingdom, the 5th National Audit Project (NAP5) identified 141 cases of definite, probable or possible awareness that were discovered by or reported to anaesthetists at participating centres 15 . Organisational factors-such as production pressure, disorganised lists, deficiencies in training and lack of a safety culturewere judged to contribute to the risk of errors leading to awareness in most cases 16 . The results of the current study are similar to these reports.
Awareness continues to occur due to persistence of welldescribed errors, such as failure to check equipment, turn on vaporisers, maintain anaesthesia during difficult intubation and other crises, and monitor and adequately reverse neuromuscular blockade; and, anaesthetists still mistakenly give muscle relaxants to awake patients. Whilst our incidence of syringe swaps reports among "awareness" and "no awareness but increased risk of awareness" patients (three of 47 incidents [6%]) was lower than reported in the AIMS study (32 of 81 incidents [39.5%]) 10 , we caution against drawing conclusions about improvements in practice, as different proportions of causes of awareness may have resulted from changes in reporting behaviour rather than changes in the actual incidence of these errors. Further work needs to be done to eliminate these errors as causes of awareness. In addition, this report also highlights some new errors that put patients at risk of awareness. Training on new equipment and techniques is therefore vital.
Awareness also continues to be reported in patients who were thought to be adequately anaesthetised, because they received anaesthetic doses consistent with population norms and did not display any signs of intraoperative wakefulness. Some of these patients may have recalled events that did not occur during general anaesthesia, although the risk of psychological sequelae may be similar. Processed EEG monitoring may decrease the risk of awareness by allowing individual titration of anaesthetics and by highlighting lightening of anaesthesia before the threshold for awareness is reached 17 . Only four of the awareness incidents in the current report were associated with pEEG monitoring; in one case the index value rose around the time of the crisis, in another case it was reassuring throughout and in the other two cases index values were not reported. We therefore cannot draw any conclusions about the utility of pEEG monitoring from this report.
In conclusion, this analysis of 61 incidents related to awareness in the first 4,000 patients reported to the webAIRS incident monitoring system in Australia and New Zealand has revealed that patients continue to be put at risk of awareness by a range of well-described errors (such as syringe swaps), as well as by some new errors related to recently-introduced anaesthetic equipment. Further work needs to be done to eliminate these errors as causes of awareness.
